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Figure15 ofthispaperisin errorandshouldbe replacedwithnew
figure_15_attached.Thischangealsorequiresa revisioninthetextas
follows:

Pages13and14: Replacethelastsentencebeginningon page13and
continuingonpage14withthetwofollowingsentences:

“UPto about10°angleofattackthespanwiseloaddistributiontias
reasonablyindependentofReynoldsnumber.Outboardofthe40per-
centsemispanstationof thewingat 10°angleofattacktheexperi-
mentalspanwi.seloadingcoefficientswereconsiderablylowerthan
predictedby thelineartheory.”

-... -..,
.
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Figure15.- Coqarison of theoreticalad experimental spmise load 5.:::”” .-
diatributim atdifferentReynoldsnumbem, ,, I

I 1’,,
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By JohnE. Hatch,Jr.,andL.

suMMARY

.

THEAERODYNAMIC

WINGAT MACH

KeithHargrave

Theresultsof anexperimentalinvestigationto determinetheeffects
ofReynoldsnmnberontheflowcharacteristicsovera deltawingata
Machnumberof2.41arepresented.Thewingstreamwiseairfoilsections
arebasedontheNACA00-thtckness serieswiththemaximumthickness

. varyingfrom4 percetiattherootsectionto 6.24percentatthe
$)0-percentspanwisestation..Forceandpressuredataforsimilar’models
hatingan aspectratioof1.57wereobtainedoveranangle-of-attackw
rangeatReynoldsnumbersof1.04X 106,3.9 X 106,12.6X 106,
and18.3X 106.

Theresuitsshowednegligibleeffectsof a Reynoldsnumbervsria-
tionof 1.04x 106to 1.8.3‘X106onthemeasuredforcecharacteristics
overan angle-of-attackrangefrom0°to 6°. For&@es of attackfrom
6° to 20°;andincreaseofReynoldsnumberfrom12.6x 106to 1.8.3x 106.
likewisehadno effectontheforcedata.

Theresultsdidshow,however,a definiteeffectofReynoldsnumber
ontheflowandloaddistributionoverthewingat anglesofattack.On
theuppersurfacean increaseinReynoldsnumberfroml.04X 106
to 12.6x 106delayedtheformationof a sepsratedregionneartheleading
edgewhichterminatedina shockwavealonga rsythroughthewingapex.
On-thewinglowersurfacethepressurecoefficientsovertheforward
30percentofthew’@ wereincreasedastheReynoldsnumbervaried
from1.04x lo6to 12*6x 106. Becauseofthecompensatingchangesin
theupper-surfacepressuredistribution,theliftcoefficientsdidnot

- changewithReynoldsnumberthroughanangleof attackof6° as verified
by theforcedata.As theReynoldsnumberwasfurtherincreasedfrom
1.2.6x 106to 18.3x 106no effectonthewingpressure”.distributionwasw evident.

*.—
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INTRODU’~ION .—
h

Muchwind-tunneltestdataon deltawingsisnowavailable.Various
planformsusingmanydifferentairfoilsectionshavebeentestedover
a rangeof supersonicMachnumbersup to aboutM = 3. Mosttests,how-
ever,havebeenconductedatReynoldsnmbersmuchlowerthanthose
realizedby full-scalewings.Thepresentinvestigationwasundertaken

t
o determinetheeffectsof a lsxgevariationofReynoldsnuniber

—

1.04x 106to 18.3x 106)ontheaerodynamiccharacteristicsofa
deltawingandisbelievedtobe thefirstsuchcomparisonmadeforone
wingat supersonicspeedsoversucha tideReynoldsntiberrange.
Anotherpurposeoftheinvestigationwasto providehighReynoldsnuniber

—-

dataforthewingatanglesofattackupto 20°. A testReynoldsnumber
of18.3x 106correspondsto a wingwitha meanaerodynamicchordof
.10feetat an altitude~f 60,000feetanda Machrnmiberof2.41.

(ThehighReynoldsnumberdata R = 12.6x 106,and18.3x lo6) w==
obtainedina Langleyg-inchblowdownjetoftheGasDymmicsBranch>
andthelowReynoldsnumberdatawereobtainedintheLangleyg-inch
supersonictunnel.A descri~ionoftheJetandthejetcalibration
arepresentedin.theappendixofthispaper. —

SYMBOLS

Free-streamconditions:

P massdensityof

v stresmvelocity

a speedof sound

air

—

M Machnumber(V/a)

~. -c pressure

PO staticpressure

R Reynoldsnumber,

Winggeometry:

s planform

()&v22

basedonwingmeanaerodynamicchord
.. *

.
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b span
*

c wingchord,measuredindirectionofflight

E meanaerodynamic

t thiclmess

a angle03 attack,

x coordinatealong

. (’b’’c,w~’’cd)chord

degrees

free-streamcondition

Y spanwisecoordinate

Fresmxredata:

P locslstaticpressure

.-—. .-

3

.

CP ( 0,
pressurecoefficientp - p

%
8

4/% lifting-surfacepressurecoefficientperdegreeangleof

()

Pz-Pl.l
attack

%

CnC/E span-loading coefficient
~)

~ dc
Oc

Forcedata:

“,

.- .
.

()wing-liftcoefficient~
o

wi.ng-drsgcoefficient
()
B
Q

CM wingpitching-momentcoefficientaboutwingcentroidof area

(Pitching )

Moment
. q#F
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ND incremental-drq.gcoefficient.due.~o1$~.
(CD

Subscripts:

u

2

r

max

min

conditions

conditions

on

on

value atroot

maximumvalue

minimumvalue

winguppersurface

winglowersurface

section -.

DESCRIPTIONOFAPPARATUS

.
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- C%in)

BlowdownJet

@.- Thehigh-Reynolds-nmibertestswereconductedina Langley
M= 2~ blowdownjethavinga rectangulartestsection.,9 incheswide

apd$ tithes high. A drawingshowingthegenerala?&ngementofthe-$e~

ispresentedinfigure1. A boundery-lsyerscoop,whicheihauststothe
atmosphere,isusedto removetheboundafy-lsyerfrom@st infrontof
thefloor-mounted,semispanwingmodel.we jethaspsxallelsidewalls
andhadviewingwindowscoveringtheenttretestsection.

By varyingthestagnationpressureinthesettlingchamberfrom
100poundspersquareQch absoluteto 145pounds~r s.uareinch -

tabsolute,theReynoldsndmberwasvariedfrom12.6X 10 to 18.3x 106.
ThefinalMachnumberdistributioninthejettestsectionispresented
infigure2. Inthisfigurethewingmodelapexat anangleof attack
of0° islocatedat fiation1.>andthetrailingedgeisat stationU.5.
Thelipoftheboundary-layerscoopisat station1.0. A morecomplete
descriptionofthejetisgivenintheappendix.

wingmodel.- Thesemispanwingmodelshavi~ m=aspectratioof1.57
wereconstructedfromsteel.StreamWiseairfoilsectionsarebasedon
theNACA00-thicknessserieswhichhasitsmaxhumthicknessat 30psr-
cerrtofthechord.Theleading-edger.adii.weremodifiedto aversge
about0.4percentofthelocalchord.As-;howninfigure”3(a),the
measuredwingmaximumthicknessvariesfrom1 percentattherootto
6.24percerrtatthe90-percentsemispanst~tion.Aty_pic@.sectionIs -
showninfigure3(b).

●

— .—

●

.

.

.
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Structuralconsiderationsrequiredtwopressuremodelsinorderto
includeallthedesiredpressureorifices(orificelocationstabulated
intableI). Eachwinghadtworowsofchordwisepressureorifices
whichresultedinfourspanwisepressurestationsforthebasicwing.
Figure4 showsthesemispanwinggeometryandthelocationsofthe
chordwisepressurestations.A thirdmodelwasconstructedforthe
forcetests.Eachmodelwasconstructedtowithin~0.001inchofthe
specifiedordinates.

Tunnel.- The
9-inchsupersonic
typeinwhichthe

Langley9-InchSupersonicTunnel

lowReynoldsnumberdatawereobtainedintheLangley
tunnel. Thistunnelisa single-return,direct-drive
pressureandhumidityoftheenclosedaircanbe

cofirolled.Thet&nel hasrecentlybeenrepoweredandthestagnation
pressurecannowbe regulatedbetween0.2smd4.3atmospheresat a Mach
numberof 2.41.A Machnumberdistributioninthetestsection
of2.41f 0.015wasdeterminedforthestagnationpressurerangeof1
to h atmospheres.Throughouttheteststheamountofwatervaporin
thetunnelairwaskeptat sufficientlylowvaluesto bsurenegligible
effectsof condensationinthetestsection.

wingmodelandsupportsystem.-Thefull-spanmodelwasconstructed
ofbrass.Thesectionshapesvariedslightlyfromthoseofthesemispan
nmdeldueto fabricationerror(seefig.3}. Aftertheforcetestswere
completed,pressuretubeswereinstalledinthemodelalongthesamespan-
wisestationsasthoseinthesemispanmodel.

As showninfigure5j thefull-spanmodelwasmountedfromthe .
resron a veryslendertaperedstingsupport.Q identicalsupport
arrangementisdescribedindetailinreference1 inwhichtestswere
madeto determinetheliftanddragofthestingalone.It =S found
thattheliftforcewasnegligible,andthatthedragforcewasalmost
constantwithamgleof attack.At a Machnuniberof 2.41thestinggave
a dragcoefficientof approximately0.0005basedonthewingareaofthe
presenttests.Themagnitudeofthedragcoefficientcontributedby the
stingtothewing-stingcombinationisdoubtful,butitwasprobably
some~atlessth~ the–0.0005valuesince
thestingwasburiedinthewingandmost
theboundary-layerflowofthewing.

someofthefrontfisreaof
ofthestingwasinmersedin
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TESTSANDPRE21SION

Forcemeasurementsonthesemispanmodelwereobtainedby a three-
componentstrain-gagebalancesystemover~ angle-of-attackrangefrom
0°to 20°in incrementsof2°..Pressuredatawerealsoobtainedatthe
sameanglesat a Reynoldsnuniberof12.6X 106,butthemaxhumangle

.

ofattackobtainablewas@
forceandpressuredatawere

Sincepressureorifices
wing,themodelsweresetat
orderto obtain~ressureson
oneangleofattack.

ata Reynoldsrnniberof18.3x 106. Both
recordedphotographically.

wereinstalledononlyonesurfaceofeach
positiveandnegativeanglesofattackin
boththeupperandlowersurfacesat any

Pressuredataforthefull-spanmodelwereobtainedoveranangle-
of-attackrangefrom0°to 10°inincrementsof~.” Forcedatawere

—

obtainedforanglesofattackfrom0°to 6° inincrementsof1°. The
angleofattackwasobtainedby initiallyreferencingthewtnginthe
tunnelwithrespecttothetunnelcexrterlineandthenusingan optical
systemforrela~iveanglesof attack.

Theliquid-filmmethodwasusedinthe
to supplementthepressuredistributionsin
thewing.Thismethodwasthesameasthat
ence1. Themodelwasgivena blackfinish

— —
.

lowReynoldsnumbertests
thestudyoftheflowover a
usedanddescribedinrefer-
beforea~plyingtheliqui~

filmsolution.Uponcompletionofa run,thewingwasdustedwithwhite
.-

powder.Accordingly,thewet(lowshear)regionsappearwhiteandthe
dry(highshear)regionsremainblack.

Inorderto comparetheforcedataforthewing-stimgcombination
withtheforcedataforthefloor-nmuntedsemispanmodel,itwasneces-
saryto correctthefull-spanmodeldragcoefficientto accountforthe
basedragofthesting.Thepressureinthemovablewindshieldand
balanceboxwascontrolledat approximatelyfree-streampressure;there-

—

fore,thebasedragcorrectionwasvery small.

Becauseofthepresenceofthepressuretubesdownstreamofandnear
thetrailingedgeofthewing,thepressurereadingsfortheorifices
located5 percentoftherootchordfromthetrailingedgeareof
doubtfulaccuracy.

To understandbetterthewing-flowcharacteristics,a methodwas
devisedto determinethelocslflowdirectionovertheuppersurface
ofthefull-spanwingatauglesofattack.Small,symmetrical,fkee- .
floatingvaneswereinstalledonthefull-spanwingat15 different
locations.Figure6 showsthephysical.dimensionsofthevanesaswell .

4m?Fm!q~
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asthevanelocationsonthewingsurface.Thevanesweresolocated
onthewingduringeachruuthatno interferenceeffectsbetweenvanes
werepossible.

The angles throughwhichthevaneswereturnedateachwingangle
of attackwerereadby meansofa cathetometermountedoutsideofthe
tunnel. Theaccuracyofmeasurementoftheindicatedflowanglesis
estimatedat~~q.

Theesthm.tedprobableerrorintheaerodynamiccoefficientsfor
thetwomodelsareasfollows:

Model (d~g) % CD CM ~p R M

N1 Span-----*O.~z ~e~a *O●~op *O●00501.04x 106
% ●00153.90x 106

2.kl t 0.015
m.004012.6x 106Sefispm to.10 to.0030*O.0006*O.0003+-0.002618.3x 106

!l?he~robableerrorinangleof attackofthefull-spanwingis*0.0~
intheinitialreferenceofthemodelwithrespctto
lineandti.03°inrelativeangleofattack.

REStIUl?SANDDIEKWSSION

ForceData

A comparisonoftheforcedataforthesemispan,

atReynoldsnumbersof12.6x 106and18.3x 106with
flzll-span,sting-supportedmode~ata Reynoldsnumber
presentedinfigure7. Thetheoreticalltftcurveas

thetunnelcenter

floor-mountedwing

thedataforthe
of l.ok X 106 iS
determinedfrom

thelineartheoryisplottedforcomparison.Pitchingmomentsare
takenaboutthecentroidofplan-formarea,withthewingmeanaerodynamic
chordasthereferencelength.Withine~erimentalaccuracy,theforce
dataat negativeanglesofattackand~sitiveanglesofattackarethe
same.As a result,onlythedataforpositiveanglesof attackare
shown.

Lift.- The
tests=linear

experimentalliftcurveforthehighReynoldsnuniber
up to aboutanangleofattackof10°. Fromanglesof

GQEF~
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attackof 10°to 20°,thereisa slightdecreaseinthelift-cuxveslope. “–
ThelowReynoldsnumbertestsalsoshowthelinearityoftheliftcurve “ .
upto anangleof attackof.6°,theextentofthetestrange.Theexperi-
mentallift-curveslopethroughzeroliftisabout0.025perdegree;
whereasthetheoreticalvalueofthelift-curveslopecalculatedby the’”
methodofreference2 is0.0295perdegree.‘- —

A comparisonofthewing-liftcurvesatthetwoReynoldsnumbers
indicatesthat,withintheexperimentalaccurqcyofthetests,t~”

—. —

Reynoldsnumberhasnoeffectonthewing-liftcoefficientsoverthe
angle-of-attackrangecoveredby thecomparison,00to 60. .—

Pitchiw,moment.-Thepitching-momentcoefficientsas shownare
takenaboutthewingcenterof area.Throughthecommon”rangeof angle
ofattack,O0 to 6°,thedataobtainedatthetwotestReynoldsnunibers ..

areapprox~atelythessueandindicatea center-of-pressurelocation
closetothecenterofwingareawhichagreeswiththeory,Thedata...
obtainedattheReynoldsnumbersof12.6x 106and18.3x 106foran .—

angleofattackfrom6°to 20°showa forwardshiftof-thecenterof
pressurewithincreasinglift.At an amgleof attackof20°,thecenter
ofpressuremovedto a point3.4percentofthemeanaerodynamicchord
aheadofthewingcenterofarea.

.—. .

Dr~.- Withtitheexperimentalaccuracyofthetestprocedures, a“
thewing-dragdataobtainedateachReynoldsWmber @eed overthe
commonangle-of-attackrangefrom0°to 6°. Overthecompletesmgle-
of-attackrangeforthetestsatbothReynoldsnumbers;”thedrag-rise
factorACD/CL2 isapproximatelyequaltothereciprocalofthelift-
curveslopeandimpliespracticallynoleading-edgesuctionforce.

——
—

A minimumdragcoefficientof0.0095waB-obtainedfrombothtests;
Itwouldbe expectedthata lowerminimumdragcoefficientwouldbe
obtainedfromthetestsata Reynoldsnumbersof1.04X 106thanfrom

—

thehighReynoldsnumbertestssincetheflowover.tlx.wingwillbe
largelylsminaratthelowReynoldsnuniber;whereasturbulentflowwould
probablyexistovermostofthewingat a Re-j_holdsnumberof18.3x 106.
Inorderto comparethetwominimumdrag-coefficientv~ues,however,
thecontributionofthestin+jtothefull.-spam-configurationdrag”coef-:
ficient(approx.0.0004)wouldhavetobe subwlxactedfromthe

—

0.0095value.
—.-

A wingpress~edragcoefficientatzeroliftof0.0058wasdeter-
minedfromthehighReynoldsnumber‘pressure~distributiondata.Subtrac-
tionofthisvaluefromtheminimumdragcc@ficientQves a friction-” i
dragcoefficientof0.0037.Thisresultcomparedwith”ava@e of 0.0040

—

forthecompressible.t&bulentfriction-dragcoef$icier+~s.o~ta~ne~..,7 . .~=
fromextrapolatedexperimentaldataofrefe~ence3.”

—
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LesscompletelowReynoldsnumberiressure-distributiondata
s estimatesthesamepressuredragcoefficientat zeroliftaathat

obtainedfromthehighReynoldsnumberdata.Subtractionofthisvalue
andtheO.CM04stingcontributionfromtheminimumdragcoefficient
givesa friction-dragcoefficientof0.0033forthewingat a Reynolds

numberof 1.04 X 106. Thisvaluecompqreswithan incompressibleskin-
frictioncoefficientof0.0026. Thelargerexperimezrklviscousdrag
coefficientcouldbe theresultof separatedflow,a smallregionof
turbulentflow,ora higherthanestimatedstingdragcontribution.

Lift-dragratio.-A maximumlift-dragratioof 6.4wasobtained
by thewingat an angleofattackofapproximately5°.

Froma comparisonoftheforcedataobtainedforthewingat
Reynoldsnumbersof1.04x 106and18.3x 106,it isevidentthat
Repoldsnumberhaslittleeffectonthewing-forcecoefficientsover
theangle-of-attackrangecoveredby thecomparison,0°to 6°.

~essure-DistributionData
.

ThegreatesteffectsofReynoldsnumberontheaerodynamicdatafor
thisdelt’awingwerefoundinthepressuredistributions.Althoughdif-

8 ferencesinthepressure distributionwerereadilya parentasthe
8Reynoldsnumbervariedfroml.ok x 106to 12.6X 10 , thepressuredata

werethesaneforReynoldsnumbersof12.6x 106and18.3x 106upto
anglesofattackof16°. Onlyrepresentativedatawhichshowtheeffects
ofReynoldsnumberareplottedinthispaper.Completepressuredata
forthewingateachangleof attackforeachReynoldsnumberinvestigated,
however,arepresentedintable1.

UpperSurface:-Thedataofthepresenti~vestigationshowthe
presenceof spanwisepressuredisconti.nuitiesonthewinguypersurface
beginningataboutanangleof attackof4° ata,Reynoldsnuniber
of1.04X 106andataboutan angleofattackof10°at a Reynoldsnunber
of 12.6x 106~d 18.3x 106.

Forexsmple,figure8 showsthespanwisevariationofpressure
coefficientatthe90-percentroot-chordstation.At anshgleof attack
of6°) thedatafora Reynoldsnumberof1.04X“106showthata separated
regionofapproximatelyconstantnegativepressureexistsnearthe‘leading
edgewhichterminatesinanabruptpresstiejumpat aboutthe40-percerit

. semispanstation.ThehighReynoldsnumber-datafidicateno suchpres-
surediscontinuityatthisangleof attack.Asthe angleofattackis
increasedto 10°,however,thepressurejumpoccursevenatthehighest

.
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Reynoldsnumber.Fromotherspanwisepressureplotst.gdsenat dif$fer-
entchordwisestationsit ispossibleto determinethatthepressure
jump,whichexistsontheuppersurface,liesapproximatelyalongthe a

ThestrongresemblanceofthepresentTressuredatatothatof
reference4 indicatesthatthepressurediscontinuitiescouldbe the —
resultof shockwavesontheuppersurfaceofthewing. Unpublished
workby ClintonE.BrownoftheLangleyLaboratoryindicatedtheexist-
enceof shockwavesontheuppersurfaceof deltawingsatanglesof
attackevenwhentheleadingedgeis sweptwellbehindtheM&chcone.
Thedataofreference5 alsoshowtheexistenceof shockwavesnormal
to thew- surface,butobliqueto thesupersonicstream.

Inthepresentinvestigateion,ifthejumpinpressurewerecaused
by a shockwavethenthecomponentof localMachrmmibernormalto the
rayalongwhichthepressurejumplieswouldhavetobe supersonic.
Theresultsofthevanesurveyshowedthat,forwinganglesofattack
of6°} 8°) and10°, the flow overtheup~r surfacewasturnedtoward
theroutchorda sufficientamountto resuitinthecomponentofflow
normalto ther~ ~ = 0.17 tobe supersonic.Itwasthereforecon-—.
eludedthatthepressurediscorrttiuityonthepresentwingrepresented
a shockwave. *“

Thevane-surveyresultsat a wingangleof attackof’100anda
Reynoldsnumberof1.04x 106areshowninfigure6. Thetable(fig.6)
gives,foreachvanelocation,theangleindegreesthroughwhichthe
flowisturnedfromthefree-streamdirectionandthelocalMachnumber
as computedfromthepressuredata.Positiveanglesindicatethatthe
fluwisturnedtowardtherootchord.IacalMachtiers atvanepcmi-
tions2 =d 5 couldnotbe calculatedbecauseoftheabsenceofpressure
tubesinthevicinityofthesevanepositions.Thevectorsatvane
positions2 and5 are,therefore,shuwnby dashedlines.Figure6
furthershowsthatbehindtheshockwavethevanesindicatethattheflow
hasturnedbackto a directionapproxhuatelyparalleltothefreestream.

Itmaybe notedfromfigure6 that thevanesweremounted0.125inch
abovethewingsurface.ThisO.125-inchheightwasselectedasa result
of systematicteststo determinetheeffeetoftb heightofthevane
abovethewingsurfaceontheindicatedflow_angles.Whenmounted
0.07inchabovethewingsurfacethevaneswerewellinthewingbound-
arylayer,andforanglesof attackabove@ thevanesoutboardofthe

r~ z = 0.17 indicatedthattheflowintheboundarylsyerwasturaed

aw~ ‘fromtherootchordtowardthelow-pressureareaatthewingtip.

.

.

.
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Whenraisedto a heightof0.125inchabovethewing,thevanesindicated
s that,theflowoutboardofthersy ~ . ().17wastur~d to-d theroot

chord.As theheightwasincreased~her to 0.30inch,theindicated
flowanglewassomewhatlessthamthemaximumindicatedflowangle.It
isnotexpectedthatoneparticularvaneheightabovethewingsurface
willgivethetrueflowdirectionateachvsnelocation.Itwasfelt,
however,thatthe0.125-inchheight,ingeneral,gavea goodindication
oftheflowdirectionoverthewingsurface.

Thevsriationoftheindicatedflowanglesacrossthespanatthe
70-percentroot-chordstationwithwingsagleofattackis shownin
figure9(a),andfigure9(b)showsthevanelocationsonthewingprofile
atthe70-percentroot-chordstation.It issignificantthattheabrupt
chaageintheindicatedflowanglesoccursatthelocationoftheray
alongwhichthepressurediscontinuityoccurs.Insufficientpressure
dataacrossthespanatthisstation,however,doesnotpermita complete
correlationofpressuredataandvane-surveydata.

At eachchordwisestationtheformationoftheshockwavealong
. theray z = 0.17 wasdel~edto a higherangleof attackwitheach

x
increaseinReynoldsnumber.As theangleof attackwasincreasedto 16°

. athighReynoldsnumbers,theshockwavecontinuedto existbut,as
shownby figure10,itslocationmovedtioardwitheachincreasing
angleof attack.As theangleof attackwasticreasedto 20°,the
presenceoftheShockwaveisno longerevidentatthe90-percent-root-‘
chordstation.Spanwisepressuredistributionsatthe60-percentand
70-percentroot-chordstations,however,showthatevenatan angleof
attackof 20°a shockwavecontinuesto existonthewing,butits
inboardmovementwithangleofattackstopsat about a = 16°.

Liquid-filmpicturestakenat a Reynoldsnumberof1.04X 106are
presentedinfigure11to furthershowthelocationsaddevelopmentof
thepressurejumpontheuppersurfaceofthewing. Asthewingangle
of attackisincreasedfrom0°to 10°thedevelopmentofthedisturbance
(highshear)areaisevident.

Ithasbeenindicatedinreference5 thattheformationof a similar
shockwaveontheuppersurfaceoftwodeltawingsinvestigatedat super-
sonicspeedswasprimarilya functionoftheMachnwiberoftheflow
componentperpendiculartothesweptleadingedgeandtheshapeofthe
airfoilintheticinityofthewingleadingedge. Thedataofthe
presentinvestigation,however,showthatthe

* wavealsovarieswithReynoldsnumberamdis,
dentuponviscouseffects.

-

formationoftheshock
therefore,greatlydepen-
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Thisshock-waveformationonthesurfaceof deltawingsappearsto
be verycomplexandprobablyinvolvesseveralvariables,suchasj ti—
leading-edgeprofile,Machnumber,Reynoldsnuniber,andthicknessdis-
tribution.Atthepresenttime,no singlevariableisknowntobe the
controllingfactorintheformationoftheshocknve~

Examinationof chordwiseplots.of.the..yressuredataat Reynolds
6numbersof 12.6x 106sad18.3x 10 shows~hepresenceof-a cu”v6d“’

shockwavenearthewingleadingedgelyingessentiallyalongthe
rqf $= 0.3. Theshockwaveisfirstforud atabo~ a = 6° and

existsUp to a wingangleofattackof 120..APo~.~_~le ofattack
of12°thepresenceofthisshockwaveisnolongerevident.Thedata

6“doesnotshowthepresenceofobtainedat a Reynoldsnumberof1.04X 10
theshockwavethroughan angleof attackof 10°. At a Reynoldsnumber
of 3.9X 106theexistenceoftheshockwaveisevidentonly“atan
angleofattackof6°. TheeffectsofReynoldsnuribercmthisshock-
waveformationneartheleadingedgeisnotclearsincetheu~per-s~face
pressuredistributionoverthewingneartheleadingedgedoesnotcon-
shtentlyvarywithReynoldsnumber.

—
.-.-

Sincea largechangeinReynoldsnumberchangedtheflowcharacter-
isticsoverthewing,my downwashsurveymadebehindthewingwouldbe
affectedby a largevariationinReynoldsnumber.

●

Itwouldalsobe
expectedth@ theeffectivenessof controlsurfaceslocatedatthetip
andatthetrailingedgewouldvarywitha largeReyn~ldsnumberchange
sincetheseparatedregionfirstbeginsatthetipandmovestowardthe
wingapexandrootchordwithincreasingangleof attack.

Lowersurface.-Onthewinglowersurfacetherewasalsofounda
definitevariationofpressuredistributionwitha changeinReynolds
number.Figure12 showsthechordwisevariationofpressurecoeffi-
cientsforthe55.5-percentsemispanstationforanglesofattackof 2°,
6°, and10°ateachReynoldsnumber.Forwardof aboutthe30-percent-
chordstation,thepressure-distributioncurvesareshiftedina positive

directionastheReynoldsnumberis increasedfrom1.04x 106to 12.6x 106.
AstheReynoldsnumberwasfurtherincreasedto 18.3X 106no additional
displacementofthecurvesisevident.Thedisplacement.ofthelower-
surfacepressure-coefficientcurvesindicatesthatt@ sectionstagnation
pointmovesrearwardwithan increaseinReynoldsnumber.Theincrease
inpressurecoefficientovertheforwardpai’tofthelowersurfacealone
wouldresultina

highReynolds
up~r-surface
notvarywith
*\,“-~*’“ ..

higherliftcoefficientatanyanglgof attackfor
numbertests.Becauseofthecompensatingchangesin -
pressuredistribution,however,theliftcoefficients
Reynoldsnumberthroughthecomparedangle-of-attack

..-
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rangeof0°to 6°, asverifiedby theforcedata.Fromaboutthe
30-percent-local.-chordstationtothetrailingedge,thepressure-
distributioncurvesforthewinglowersurfaceshowno significant
differenceforthedifferentReynoldsnunibers.

It isfeltthatthechanges.inpressuredistributionwhichoccur
witha changeinReynoldsnumberarenota resultofelasticdeforma-
tionofthedifferentmodelsdueto airloads.Ifthewingmodelshad
deflected,thechordwisepressuredistributionsonboththeupperand
lowersurfaceswouldbe affected.Onthe~ lowersurfacethrougha
wingangleofattackof 10°thepressuredistributionvariesonlyover
approximatelytheforward30percentoftheairfoil,as shownbyfig-
ure12. Overtheremaining70percentoftheairfoilwherethegreatest
deformationshouldoccur(thethinnestpartofthe~), thepressure
distributionsareaboutthesameforeachReynoldsnuiberforanyone
angleof attack.Itwas,therefore,concludedthatthedifferencesin
pressuredistributionwhichexistedwitha changeinReynoldsnuniber
werenota resultofelasticdeformationofthewing.

EQLz?&”- Sincedifferenceshavebeenshownto existfortheupper-
andlower-surfacepressuredistributionsas a resultofa krge varia-

. tionofReynoldsnumber,itisof interestto determinetheeffectsof
Reynoldsnumberontheover-allloadingofthewing. Figure13 shows
thedistributionofexperimentalloadingcoefficientsperdegreeangle

. of attackfor a = 100. Atthe11.1-yercentsemispanstationthe
loadingcoefficientsat a Reynoldsnumberof1.04 x 106indicatean
abruptdecreaseinloadingattheyositionoftheshockwavewhich
existsonthewinguppersurface;whereastheloadingfortheother
Reynoldsnumbersatthisstationshowgoodagreementovertheentire
chord.Theinfluenceoftheshockwaveontheloadingcoefficients
atthe33.3-percentsemispanstationiS evidentW the suddend-r-se
in loadingat aboutthe65-percerrt-chordstation.At the33.3-d
55.5-percentsemispanstationsthereisa definitetrendofhigher
loadingcoefficientswithan increaseinReynoldsnuniberoverabout
thefo~d 30percentofeachstation.Inmetingoutbo=dtothe
77*7-percentsemis~nstationtheS- generaltre~ of~gher ~oadi%
coefficientswithincreasingReynoldsnunberisagainevident,butthe
differencesaresmallandoccurovertherearwardpartof’thechord.

As theamgleof attackwasincreasedfrom10°to 20°theloading
coefficientsathighReynoldsnumbersvariedas showninfigure14.

Thedepsrturefromtheoryoftheover-allexper~entalloadingat
highanglesof attackispresentedinfigure15,whichshowsthevari-
ationof span-loadingcoefficientas obtainedfromthehtegratedyres-
suredistributionateachchordwisestation.Upto about10°angle
ofattackthespanwiseloaddistribution

W&e-awae&y )~bsrgtidg~k
U weJJ Wltn~
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tunnelfora deltawingcowosedof symmetricaldouble-wedgesections,-
10percentthick,investigatedatanglesofattackfrom0°to 52°,
at M= 2.41,ad a Reynoldsnumberof520,000.Fromtheseinvestiga-
tionsitwouldseemthat,fordeltawingsathighanglesof attack,
airfoilshapeandthicknessdistributionhaspracticallyno effecton
thespanwiseloaddistribution.

CONCLUSIONS“ —

Fromtheexperhentalinvestigationtodeterminetheeffectsof
Reynoldsnumberontheflowcharacteristicsovera deltawingata Mach
numberof2.41thefollowingconclusionsmsybe made:

1.Overanangle-of-attackrangefrom0°to & a changeinReynolds
nuniberfrom1.04x 106to 18.3x 106hadno significanteffectsonthe
measuredforcecharacteristics.Foranglesofattacktiom60to 20°
an increaseinReynoldsnmiberfrom12.6x 106to 18.3x 106likewise
hadnoeffectontheforcedata.

2.Theresultsdidshow,however,a definiteeffectofReynolds
numberontheflowoverthewingat anglesof attack.Ontheupper
surfacean increaseinReynoldsnumberfrom1.04x 106-to12.6x 106
delqyedto a higherangleofattacktheformationof a separatedregion
neartheleadingedgewhichterminatedina shockwavealonga ray
throughthewingapex.As theangleof attackwasincreasedto 20°at
highReynoldsnumberstheshockwavecontinuedto exist.

3. Onthe lowersurfacethepressurecoefficientsovertheforward
30percentofthewingwereincreasedastheReynoldsnunibervariedfrom
1.0kxlo6to 12.6X106. Becauseofthecompensatingchangesinthe
upper-surfacepressuredistributionthemeasuredliftcoefficientsdid
notvarywithReynoldsnwiberthroughthecomparedangle-of-attackrange
of0°to 6°.

.

.

1
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4.Foran angle-of-attackrangefrom0°to 16°,an increasein
Reynoldsnumbertiom22.6x 106to 18.3x 106hadnoeffectonthewing
pressuredistributhn.

+

LangleyAeronauticalLaboratory
NationalAdvisoryConmitteeforAeronautics

LangleyField,Va.
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DESCRIPTIONOFBLOWDOWNZET

Thesu~rsonicnozzlesectiouofthejetwasdesignedby themethod
of characteristicsto producea uniformflowat M = 2.41 inthetest
section.Boundary-layerdisplacementthicknessalo~”thesupersonic
nozzlewascomputedby themethodofreference6. The-sameboundsry-
layerdisplacementthicknesswasassumedto existalGngthesidewalls,
andthecombinedboundary-layercorrectionwasappliedto thetheoretical
nozzleordinates.

Strain-gage balancesystem.-Forcedatawereobtainedby a three-
componentstrain-gagebalancesystem.Thebalancesystemrotatedwith
thewingmodelandateachangleof attackmeasurednormalforce,chord
force,andpitchingmoment.Thepitchingmomentwasmeasuredaboutthe
%percent root-chordstation. —

Thebalaacewastemperature-compensatedandcalibrated-todeter-
mineinteractioneffectsbetweencomponents.”‘Interactioneffectsw&e
sosmallthattheycouldnot be recordedonthescales.Eachforcecom-
ponentonthebalancewastransmittedto a separatesingle-channel
self-balancingBrownpotentiometer.Theforcedatawererecorded
photographically. —

Angle-of-attackmechanism.-Thefloor-mountedmodelswereattached
to a turntablewhichwasrotatedovera whg angle-of-attackrangeof
~20°by & remotely-controlledelectricmotor.Thewimgangleofattack
wasmeasuredby mesasofanelectricalslidewireresistorattachedto
theturntabletransmittingitsreadingto a single-channelself-balancing
Brownpotentiometer.Eachangleofattackwascheckedby meansof a
protractorassemblymountedonthejettestsectionanfturntable.
Beforeeachseriesoftests,thezeroangleofattackwascarefully
establishedfroma previouslydeterminedreferenceplane.

—

—

.

-- -=

“ --

—
.,

JETCAIJBRATION

TheMachnumberdistrKlnztionthroughoutthejettestsectionwas
determinedby meansofa statictuberakesurvey.Therakewas
somountedthatthefivestatictubeswereina verticalplane.A
survey
1 in.)
of the

wasmadealongthetest-sectioncenterline(inincrementsof
aswellas alongonetransversestation

+
inchesoneachside

.

jetcenterline.At eachstationtheMachnumberwasdetermined
.
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.

fromtheratioof free-streamstaticpressuretothesettling-chsmber
stagnationpressure.

Thefinal~est-sectionMachnumberdistributionis shownin
figure2. In frontoftheshockwaveformedby thebound~-lsyer
scoop,theMachnumberis2.43~ 0.01,andbehindtheshockwavecaused
by thescoop(intheregionoccupiedby thewingmodel)theMachnuuiber
iS2.41t0.015. Uniformflowexistedtithetestsectionfora distance
of13 inches.ThejetcsJ_l’rationwasconductedat a stagnationpres-
sureof115poundspersquareinchabsolutewhichwouldresultina
Reynoldsnumberof 2.17X 106perinch.

Allcalibrationtestswereconductedina rangeof stagnation
dewpointswhicheliminatedanyeffectof condensation.

Duringthejetcalibration,a disturbancewasfoundto originate
atthejointbetweentheturntableandthetest-sectionfloor,even
thoughthemaximumdifferenceinlevelbetweenthetwosurfaceswas
approbatelyiO.002.Thedisturbancecauseda chsmgeinMachnumber
ofW.03 inthetestsectionandwasdetectedby thestaticrakeduring
thelongitudinalsurveyoftheJet. Thedisturbancewaseliminatedby
sprayingthejetfloorandturntablewithsurfacingputtyandpolishing
theresultingcontinuoussurface%0 a highgloss.Thesmoothnessof
thesurfacewasmaintainedduringallcalibrationtestsandwingtests..

Throughoutthetestingprogramthescoopedgewaskeptsharpened
to a knifeedgeto reducethestrengthoftheshockwaveformedatthe
lipofthescoop.Fromthejetcalibration,itwasdeterminedthatthe
lossinMachnumberacrosstheshockwaveatthescoopis0.02.
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